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A critical function of the intestinal epithelium is to prevent luminal bacteria and their constituents from movement to underlying tissue via transcellular or paracellular pathways (bacterial translocation) (3, 36) . Based on evidence derived largely from animal models (36) and limited human studies (2, 4, 14, 18, 20, 33, 35, 38) , common events that occur in human SBS may contribute to gut barrier dysfunction. These include small bowel bacterial overgrowth (SBBO), systemic or local infection, splanchnic hypoperfusion, gut mucosal inflammation, use of PN, lack of enteral feeding, and malnutrition, all of which may cause erosion of mucosal anatomic and immune barriers (36) . In addition, we hypothesize that there may be translocation of bacterial products [e.g., flagellin and endotoxin/ lipopolysacccharide (LPS)] that may worsen intestinal barrier function (6, 8, 9, 15, 21) .
The bacterial constituent flagellin is the monomeric subunit of flagella found on motile gut bacteria (11) . Our previous studies show that, upon colonization by pathogens such as Salmonella typhimurium, flagellin interacts with basolateral toll-like receptor-5 (TLR5), resulting in gut epithelial cells secreting cytokines and chemokines [e.g., interleukin-8 (IL-8)] that recruit polymorphonuclear neutrophils. These events may mediate local gut mucosal inflammation (8, 9, 11) . Flagellin from commensal bacteria might be able to activate gut epithelial cells as well as cells in the lamina propria in states of gut epithelial barrier dysfunction.
Recent reports by ourselves and others demonstrate that some patients with Crohn's disease (CD) exhibit substantially elevated serum immunoglobulin A (IgA) and IgG titers against flagellin derived from Escherichia coli and other commensal bacteria (10, 17, 29, 32) . Bacterial flagellin may be a major antigen in CD, because flagellin-specific CD4 ϩ T cells were shown to induce severe colitis after transfer into naive severe combined immunodeficiency (SCID) mice (11) . In addition, otherwise healthy mice injected with gram-negative bacteria have detectable serum flagellin and LPS in blood, whereas systemic injection of flagellin and LPS each potently induce inflammatory cytokines, oxidative stress, organ failure, and a sepsislike syndrome in these animals (6, 15) .
Given the potential for gut barrier dysfunction in SBS, we hypothesized that clinically stable patients with severe chronic SBS could exhibit systemic localization of the gram-negative bacterial products flagellin and LPS in serum with secondary activation of specific B cell-mediated adaptive immune responses. Thus we sought to 1) determine whether flagellin and LPS are detectable in serum of PN-dependent adult SBS patients compared with healthy control subjects and 2) evaluate whether SBS patients demonstrate an increased adaptive immune exposure to both flagellin and LPS via measurement of specific immunoglobulins (IgM, IgA, and IgG) directed at these bacterial antigens.
METHODS

Study Subjects
Healthy control subjects. Adults without history of bowel resection or other significant past medical or surgical history were recruited as healthy control subjects. These individuals underwent a screening medical history and physical examination by a physician (T. R. Ziegler) in the General Clinical Research Center (GCRC) of Emory University Hospital. Blood and urine samples were obtained for a comprehensive plasma chemistry profile, complete blood count, and urinalysis. A total of 48 subjects without evidence of acute or chronic disease were identified, and serum obtained from these individuals was analyzed in the current study, as outlined below.
PN-requiring control subjects without SBS. As a second control group, serum was analyzed for antibodies to flagellin from patients receiving PN but without SBS, enrolled in a study reported elsewhere (37) . The patients were adults requiring PN, admitted to the surgical intensive care unit following cardiac, pancreatic, vascular, or colonic operations.
Subjects with SBS. Clinically stable adult patients with SBS who chronically required at least 2 days of PN weekly and were able to consume oral diets were eligible for participation in this study. These individuals were enrolled in a double-blind, randomized, controlled trial primarily designed to assess the effects of modified oral diets, with or without recombinant human growth hormone (GH), on gut nutrient absorption and weaning from chronic PN, as we recently reported (7, 31) . Entry inclusion criteria were no previous history of stomach or esophageal resection, no current renal impairment (creatinine Ͼ 1.8 mg/dl) or hepatic dysfunction (total bilirubin Ͼ 1.5 mg/dl), and no history of diabetes mellitus, colonic polyps, colonic adenomas, or cancer (within the previous 5 years). Subjects were ineligible if they had a history of severe chronic infections such as human immunodeficiency virus (HIV) or any infection requiring antibiotics within the prior 2 mo. Subjects with a history of CD had no evidence of worsening disease activity within the prior 2 mo (no significant change in the CD activity index, anti-inflammatory medication dosage, or usual stool volume). The Institutional Review Board of Emory University School of Medicine (Atlanta, GA) approved the study protocol.
SBS Study Protocol
After a screening visit in the GCRC, subjects with SBS were admitted to the inpatient GCRC unit for a 28-day period of metabolic studies, as outlined previously (7, 31) . Baseline studies (including colonoscopy with residual distal small bowel and residual midcolonic mucosal biopsies for histological examination) were completed during the initial 7 days, during which the subjects received their usual diet and PN regimen. During the subsequent 23 wk of study, subjects continued their usual PN and were placed on modified oral diets individually designed to improve nutrient absorption, as outlined previously (31, 36) . The SBS subjects were also randomized to receive either subcutaneous saline placebo (control; n ϭ 9) or GH therapy (n ϭ 14; Serostim; Serono, Rockland, MA) in a double-blind manner (31) . At the end of study week 4, the SBS patients were discharged home; weaning from PN was commenced and oral diet adjusted and advanced as tolerated using standardized methods (7, 31) . The subjects returned to the GCRC at weeks 8, 12, 16, 20 , and 24 for clinical evaluation and repeat studies. All subjects had a repeat colonoscopy with biopsies as per the baseline period at weeks 4 and 12. Serum samples were obtained from all SBS patients at baseline and at study weeks 4, 8, 12, 16, 20 , and 24 visits for analysis of flagellin-and LPS-specific end points.
Serum Analysis
Serum flagellin and LPS. Flagellin was detected by an ELISA that recognizes a broad array of gram-negative flagellins to minimize serotype specificity. We developed this assay using flagellin monomers purified from a human commensal E. coli strain, as previously described (29) . Briefly, native flagellin from E. coli subtype F18 was chromatographically purified, and a polyclonal E. coli flagellin antibody was affinity purified from rabbit sera (8) . Human sera demonstrate a similar recognition pattern of such flagellin monomers whether isolated from several flagellated E. coli or S. typhimurium strains (11, 29) . In previous studies, we used two secondary methods to determine whether flagellin is a target of the adaptive immune response in sera from control subjects and patients with CD (10, 29) . Purified flagellin (10 l of 500 ng/ml sample) was run on SDS-PAGE gels and immunoblotted with control and patient serum as the primary antibody, followed by enhanced chemiluminescence (ECL) detection (29) . In addition, whole bacterial lysates (10 7 colony-forming units/ ml) of flagellate or aflagellate E. coli (Invitrogen, Carlsbad, CA) were run on SDS-PAGE gels (10 l), immunoblotted using control and patient serum as the primary antibody followed by anti-human IgG as the secondary linking antibody, and detected using ECL. The presence of the 45-to 50-kDa flagellin band was verified to be flagellin by its absence in lanes loaded with lysates of aflagellate E. coli. (29) .
Serum LPS was detected by limulus assay, using a well-established kit method (Cape Cod Associates, Falmouth, MA) (8) . LPS concentration values Ͼ10 pg/ml were considered positive.
Serum flagellin-and LPS-specific immunoglobulins. Flagellin-and LPS-specific IgM, IgA, and IgG levels were quantitated by ELISA, as we have previously reported for IgA and IgG (10, 29) . Levels of these immunoglobulins likely reflect the amount of systemic exposure to flagellin and LPS and may reflect altered adaptive immune responses potentially linked to gut barrier dysfunction. Microtiter plates were coated overnight with purified protein L (Sigma, St. Louis, MO), a bacterial protein with high affinity for all human immunoglobulins, purified E. coli flagellin (100 ng/well), or purified E. coli LPS (1 g/well) (8) . Serum samples from control and SBS subjects diluted 1:500 were applied to wells coated with flagellin, LPS, or protein L. After incubation and washing, the wells were incubated either with anti-human IgM or IgG coupled to horseradish peroxidase (Amersham) or, in the case of IgA-specific antibodies, using a two-step process of anti-human IgA-biotin followed by avidin-peroxidase. Quantitation of total immunoglobulins was performed using the colorimetric peroxidase substrate tetramethylbenzidine, and optical density (OD) was read at 650 nm with an ELISA plate reader (10, 29) . Data are reported as OD corrected by subtracting background (determined by readings in samples lacking serum) and are normalized to each plate's control sample, which was prepared in bulk, aliquoted, frozen, and thawed daily as used. Standardization was performed using preparations of known concentrations of IgM, IgA, and IgG, (10, 29) . There is no serospecificity to measuring anti-flagellin or anti-LPS antibodies this way using ELISA (28) .
Statistical Methods
Unpaired Student's t-tests were used to compare flagellin-and LPS-specific immunoglobulin values in control serum samples compared with baseline serum samples in SBS subjects. Student's t-tests were also used to compare immunoglobulin values between SBS subjects with or without randomization to GH during the study. Serial data in the total group of SBS patients and in the SBS subgroups (with or without a history of CD or administration of GH) were also analyzed and compared using repeated-measures analysis of variance (ANOVA). Baseline flagellin-and LPS-specific immunoglobulin values in subjects with CD, multiple surgeries for SBO/fistula, and abdominal injury/ischemia were also compared using ANOVA. The prevalence of serum positive for the presence of flagellin or LPS at any time point during the 6-mo study was compared between the SBS subgroups using Fischer's exact test. Unpaired Student's t-test were used to assess whether there were any effects of SBS patient age, residual small bowel length, percent residual colon, time since last bowel resection, and time on PN, and positive serum for flagellin or LPS at any time point. Univariate linear regression analysis was used to analyze SBS patient data for the influence of age, residual small bowel length, percent residual colon, time since last bowel resection, and time on PN on baseline flagellin-and LPS-specific IgM, IgA, and IgG levels. Univariate linear regression was also used to relate the weekly PN requirement at baseline and weeks 12, 20 , and 24 to flagellin-and LPS-specific IgM, IgA, and IgG levels at these time points. P values Յ0.05 were considered statistically significant. Data are means Ϯ SE.
RESULTS
Subject Demographics
The 48 healthy control subjects comprised 23 males and 25 females, with an average age of 40 Ϯ 2 yr. The PN-requiring non-SBS surgical intensive care unit control subjects for antiflagellin antibodies comprised 24 males and 13 females, with an average age of 55 Ϯ 2 yr. A total of 20 patients were studied after pancreatic operations, 8 patients were studied after cardiac operations (coronary artery bypass grafting or valve replacement), 5 patients were studied after thoracic or abdominal arterial operations (typically aneurysm repair), and 4 patients were studied after partial colonic resections. None of these individuals had evidence of acute infection at the time of the blood sampling; they required PN because of a variety of common factors (high aspiration risk, postoperative ileus, partial bowel obstruction, recent gastrointestinal bleeding, hemodynamic instability requiring pressor agents, and/or intolerance to previous enteral feeds).
The demographic data of the SBS patients are shown in Table 1 . There were 7 males and 16 females, with an average age of 50 Ϯ 3 yr. All SBS patients had been chronically dependent on PN for an average of 37 Ϯ 8 mo. All had a history of massive small bowel resection, with or without partial or complete colonic resection, for a variety of primary disorders (Table 1 ). All subjects exhibited significant malabsorption at entry (mean stool wet weight ϭ 2,406 Ϯ 280 g/day) and thus had clinically significant SBS (7, 31) . The time since the last bowel resection before baseline studies averaged 36 Ϯ 9 mo (range: 3-155 mo). Residual postduodenal small bowel length was estimated by review of operative reports and barium studies and averaged 108 Ϯ 21 cm. A total of eight SBS patients had no residual colon, nine had estimated residual colonic length of 50 -75% of normal, and six had an intact colon with intact ileal-cecal valve. Seven SBS patients had a history of CD, which had led to massive bowel resection, and all were clinically and histologically quiescent ( Table 1) .
Detection of Flagellin and LPS in Serum of SBS Patients
Flagellin and LPS were not detectable in the serum of the 48 control subjects. However, a total of 61% (14/23) of SBS subjects had either flagellin or LPS detected in serum at least once during the 24-wk protocol, and several patients exhibited serial positive tests for these molecules (Table 2) . Flagellin alone was detected in the sera of 5 of 23 SBS patients (22%), LPS alone was detected in 6/23 (26%), and flagellin and LPS were detected in 3/23 (13%). Two of these subjects were positive for both flagellin and LPS in the same serum sample. Flagellin was detected in serum at least once in eight SBS patients during the study (35% incidence), and LPS was detected at least once in nine patients (39% incidence) ( Table  2 ). Randomization to GH did not influence the incidence of detectable flagellin and LPS (not shown). At least one serum sample was positive for flagellin and/or LPS in 3 of 7 subjects with a history of CD (43% incidence), but 11 of 16 subjects without a history of CD were also positive (69% incidence). Serum with detectable flagellin and/or LPS occurred in 4 of 8 SBS subjects without a residual colon (50% incidence) and in 10 of 15 of SBS subjects with residual colon in situ (67%).
Patient age, residual small bowel or colonic length, time since last bowel resection surgery, or time on PN in subjects did not influence the incidence of serum positive for flagellin or LPS during the 6-mo study (not shown).
Increased Serum Flagellin-and LPS-Specific Immunoglobulin Levels in SBS Patients
Anti-flagellin immunoglobulins. SBS patients demonstrated markedly increased serum anti-flagellin IgM, IgA, and IgG levels compared with values in healthy control subjects and patients in the critical care unit receiving PN (Table 3 and Fig. 1 ). Levels for these immunoglobulins in the healthy subjects and the critical care unit patients were similar ( Table 3 ). The level of elevated flagellin-specific immunoglobulins in the SBS patients was substantially greater than what we previously observed in CD patients (29) . The increase in anti-flagellin IgM was approximately twofold in SBS patients compared with healthy control subjects (Table 3) . However, serum levels of anti-flagellin IgG, and especially IgA, were more profoundly increased (ϳ3-fold and 5-fold, respectively; Fig. 1 ). SBS patient age, residual small bowel length, percent residual colon, presence or absence of CD, time since last bowel resection, and time on PN were unrelated to the baseline flagellin-specific IgM, IgA, and IgG levels as shown by linear regression analysis. The flagellin-specific immunoglobulins remained elevated and stable over time from the baseline week through study week 24 ( Table 3) . Use of GH did not influence the anti-flagellin immunoglobulin titers at any serial time point (not shown). Baseline flagellin-specific immunoglobulin values in subjects with SBS due to CD, multiple surgeries for SBO/fistula, and abdominal injury/ischemia were similar [IgM: Data are means Ϯ SE, expressed as optical density readings. *P Յ 0.001, SBS (n ϭ 23) vs. control subjects (n ϭ 48) and critically ill patients without SBS requiring parenteral nutrition (n ϭ 37). SBS patients have short bowel syndrome; controls are healthy subjects with intact intestine; ICU controls are adults without SBS requiring PN following cardiac, vascular, or colonic surgery in the surgical intensive care unit. (37) , the study protocol of individualized modified diet resulted in improved nutrient absorption and a corresponding decrease in PN needs in SBS patients over time, without a significant effect of GH. PN requirements in the entire group of SBS patients averaged 10.5 Ϯ 1.2 l/wk at baseline and were weaned to 3.0 Ϯ 0.6 l/wk by week 12 and 2.5 Ϯ 0.5 l/wk by week 24 (P Ͻ 0.01, baseline vs. weeks 12 and 24, respectively). The volume of PN infused per week was positively correlated with anti-flagellin IgG levels at week 12 of the study (r 2 ϭ 0.20; P ϭ 0.052). Anti-LPS immunoglobulins. Serum anti-LPS IgA levels were significantly increased (ϳ1.6-fold) in SBS patients compared with healthy control subjects ( Table 4 and Fig. 2) . In contrast to the increase in anti-flagellin IgM and IgG levels demonstrated by SBS patients, serum anti-LPS IgM and IgG titers were similar between these groups (Table 4 and Fig. 2 ). Baseline LPS-specific immunoglobulin values in subjects with SBS due to CD, multiple surgeries for SBO/fistula, and abdominal injury/ischemia were also similar [IgM: 1.34 Ϯ 0.13, (Tables 3  and 4 ). This pattern was particularly evident when samples obtained at week 8 or earlier were compared with samples obtained during the latter phase of the study (weeks 20 and 24; Table 4 ). The volume of PN infused per week was positively, but not significantly, correlated with anti-LPS IgA levels at week 12 (r 2 ϭ 0.21; P ϭ 0.062), with anti-LPS IgA levels at week 20 (r 2 ϭ 0.21; P ϭ 0.085), and with anti-LPS IgG levels at week 20 (r 2 ϭ 0.23; P ϭ 0.071). However, at week 24, there was a robust and statistically significant positive correlation with PN volume infused per week and the serum levels of both anti-LPS IgM (r 2 ϭ 0.55; P ϭ 0.009) and anti-LPS IgG (r 2 ϭ 0.41; P ϭ 0.034).
DISCUSSION
Our data are the first to show detectable flagellin in the blood of SBS patients and an enhanced adaptive immune response to the bacterial products flagellin and LPS. We hypothesize that the intermittent presence in serum of flagellin and/or LPS upregulates immunoglobulin levels to these mediators due to gut barrier dysfunction in SBS. An increased adaptive immune response to flagellin has also been observed in CD (10, 17, 29, 32) , a condition in which both immune dysregulation and gut barrier dysfunction occur. Concomitant with elevated levels of flagellin-and LPSspecific immunoglobulin, patients with SBS demonstrated detectable, albeit intermittent, flagellin and LPS in serum over the 6-mo period of blood sampling. The markedly elevated flagellin-specific IgM, IgA, and IgG and LPS-specific IgA levels during a time frame when serum was intermittently positive for flagellin and/or LPS suggest that the increased antibody titers were theoretically regulated by exposure to flagellin and LPS in the systemic circulation and/or to more proximal local exposure at the basolateral membrane of gut epithelia (Fig. 3) . Based on the risk factors for gut barrier failure in SBS outlined in Fig. 3 , we speculate that the flagellin and LPS seen by the gut-associated immune system in our patients may have occurred as a result of low-level, intermittent bacterial translocation across the gut mucosa. There were no statistically significant differences in anti-flagellin IgM, IgA, or IgG titers in SBS patients who had serum positive for flagellin at any of the seven serial serum sample time points (baseline and weeks 4, 8, 12, 16, 20 , and 24) compared with anti-flagellin titers in SBS patients without any of the serum samples positive for flagellin (not shown). Similarly, there were no statistically significant differences in anti-LPS IgM, IgA, or IgG titers in SBS patients with any serum sample positive for LPS compared with patients without any positive serum samples for LPS (not shown). Our interpretation of these data is that increased anti-flagellin and anti-LPS titers in SBS patients negative for flagellin and LPS in our protocol likely reflect a long-term adaptive immune response to intermittent translocation of these products that would not necessarily correlate with positivity for flagellin or LPS at specific time points when serum was collected.
The overall increase in flagellin-specific immunoglobulins in SBS patients compared with healthy control subjects was substantially greater than the differences between groups observed for LPS-specific immunoglobulins ( Figs. 1 and 2 ; Tables 3 and 4). These differential results suggest that SBSassociated adaptive immune responses target flagellin more than LPS. We did not find that PN use or time on PN influenced the incidence of serum positive for flagellin or LPS in the SBS subjects. However, we did observe an intriguing positive correlation between infused PN dose and anti-flagellin IgG levels at week 12 and with all LPS-specific immunoglobulins at later time points of the study. This suggests the possibility that PN use itself may influence either basolateral/ systemic exposure to both of these mediators or the immune response to them. On the other hand, the amount of PN delivered may also be reflective of the extent of underlying intestinal mucosal function, surface area, and/or injury, and it is possible that this is causing the antibody positivity seen in our subjects. More detailed studies in SBS patients are needed to assess the impact of PN use and enteral feeding regimens on gut barrier function, gram-negative bacterial infection, and the presence of bacterial products and specific immunoglobulins in blood (4, 23, 24) .
We did not do blood cultures in our clinically stable SBS subjects and thus do not have data to test whether positive serum for flagellin and LPS is due to concomitant presence of gram-negative bacteria in the blood. Nonetheless, our prior in vitro data (8) showed that flagellin itself is capable of translocating from the apical to the basolateral membrane in human colonic epithelial cells, where it induces a proinflammatory innate immune response (Fig. 3) . In addition, Alexander et al. (1) demonstrated that Candida albicans, E. coli, or endotoxin instilled into Thiry-Vella loops of thermally injured guinea pigs and rats was capable of transcellular movement to the basolateral membrane. Therefore, it is possible that flagellin and LPS alone traversed the gut epithelial barrier in at least some of our SBS patients. This in turn would stimulate specific immune responses that were not observed in our one-time sampling of 48 healthy subjects or 37 intensive care unit patients. The increase in anti-flagellin immunoglobulins of IgM, IgA, and IgG classes in the SBS patients compared with the PN-requiring intensive care unit patients points to SBS (and not PN use) as the most important associated factor in the flagellin-specific adaptive immune responses.
Intestinal permeability to sugar markers in our SBS patients may have provided some insight into gut barrier function over time, but these assays are very difficult to interpret in SBS subjects, who exhibit rapid bowel transit and potential bacterial overgrowth, each of which affects assay results (38) . In previous studies, we demonstrated that intravenous injection of purified E. coli endotoxin resulted in an abnormal increase in intestinal permeability to lactulose and mannitol in healthy adults (21) . This observation supports the potential effect of systemic LPS to itself worsen gut barrier function. However, data correlating gut permeability changes to sugar markers with infection or bacterial translocation in humans have been inconsistent (5, 18, 19, 38) . Previous in vivo studies indicate that administration of both purified flagellin and LPS can induce organ failure and acute-phase cytokine responses (6, 15, 21) . CD is associated with elevated serum flagellin-specific IgA and IgG immunoglobulins (17, 29, 32) ; however, a dominant-negative TLR5 polymorphism decreases adaptive IgA and IgG responses to flagellin and is negatively associated with CD risk (10) . It is also possible that circulating flagellin or LPS may be mechanisms contributing to the increased circulating cytokines observed in PN-dependent SBS patients (12, 16) .
Limited available data show that SBS patients commonly exhibit SBBO (14) . Such abnormal microbial flora may be a risk factor for gut-derived systemic infection, as suggested in animal models and some clinical studies (2, 14, 35, 36) . We did not test for the presence of SBBO in our study subjects, but our data raise the possibility that stimulation of local innate cytokine-mediated inflammatory responses by flagellin or LPS (Fig. 3 ) may contribute to low-grade inflammation observed in small bowel mucosa of SBS patients with documented SBBO (14) . Of interest, systemic administration of LPS inhibits the adaptive small bowel intestinal growth response following massive small bowel resection in rats (30) . Thus studies to determine a potential link between the presence of SBBO and systemic flagellin or LPS, the immune response to these antigens, and intestinal adaptation in patients with SBS would be of interest.
The intestinal resection procedures our SBS patients experienced before the study likely exposed them to systemic flagellin and LPS and thus may have contributed to some degree to the elevation in serum IgA and IgG immunoglobu- 2 . Patients with SBS demonstrate elevated lipopolysaccharide (LPS)-specific IgA levels in serum. LPS-specific IgM, IgA, and IgG were quantitated in serum obtained from clinically stable adults with PN-dependent severe SBS (n ϭ 23) and compared with samples obtained from 48 healthy adults, as outlined in METHODS. Serum titers of LPS-specific IgA were modestly, but significantly, increased in SBS patients compared with control subjects (P Ͻ 0.006). In contrast, anti-LPS IgG and IgM levels in serum were similar in SBS patients and control subjects.
lins. In mice, nonintestinal surgical stress alone (30% partial hepatectomy) shifted the cecal E. coli population to a more adherent phenotype that disrupted gut barrier function and was reversed by antibiotics (27) . Also, surgical manipulation of the colon was recently associated with a very high incidence (80%) of positive bacterial cultures in mesenteric lymph nodes of adult patients undergoing colorectal surgery compared with surgical controls (11%) (26) . In our study, the average time since the last intestinal operation averaged 36 Ϯ 9 mo (Table  1) , and anti-flagellin IgM (a more acute-phase immunoglobulin) was increased compared with control subjects. Also, the baseline flagellin-specific and LPS-specific antibody titers were independent of residual small bowel or colonic length or the time since last bowel resection. In light of the systemic detection of flagellin and LPS in our patients over a 6-mo period of observation, as well as elevated specific IgM levels, we believe that the adaptive immune responses observed are largely driven by the intermittent exposure to these bacterial products in the bloodstream.
We conclude that patients with SBS are serially and intermittently exposed to increased systemic levels of the gramnegative bacterial products flagellin and LPS, in all probability due to gut barrier dysfunction. Systemic exposure to flagellin and LPS likely regulates innate and adaptive immune responses to each of these agents. Additional studies with more frequent blood sampling in adult and pediatric SBS patients are needed to determine the incidence, prevalence, and natural history of detectable flagellin and LPS in serum. Studies on the underlying mechanisms and route of entry of these into the systemic circulation and on the immune, cytokine, and organspecific responses to these mediators would also be of interest. Finally, agents that may improve gut barrier function, such as specific nutrients and growth factors (36) , could be tested as methods to decrease the systemic presence of these bacterial antigens in SBS.
